LOW REFLECTIVE ANTISTATIC HARDCOAT FILM 
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BACKGROUND OF THE INVENTION 
The present invention relates to a film that has dust- 
5 proof properties and scratch resistance and at the same time can 
fully prevent surface reflection, and more particularly to a low 
reflective antistatic transparent film that can prevent soiling 
created by deposition of dust, on the surface of various displays 
of word processors, computers, and televisions, surfaces of 
10 polarizing plates used in liquid crystal displays, optical lenses, 
such as sunglass lenses of transparent plastics, lenses of 
eyeglasses, finder lenses for cameras, covers for various 
instruments, and surfaces of window glasses of automobiles and 
electric rail cars, and in addition possesses excellent scratch 
15 resistance and can prevent reflection of outdoor daylight from the 
surface thereof. 

ss, plastic and other transparent substrates are 
used in curv^mirrors, back mirrors, goggles, and window glasses, 
particularly displays of electronic equipment, such as personal 
20 computers and word processors, and other various commercial 
displays. Plastic transparent substrates, as compared with 
glass substrates, are Ughfo*(eight and less likely to be broken, but 
on the other hand, they ax& disadvantageous in that dust is 
electrostatically deposited on thbssurface thereof and, in addition, 
25 the hardness is so low that the snatch resistance is poor and, 
hence, scratches created by rubbing scratching or the like 
deteriorate the transparency. Further\a problem common to 
transparent substrates is that viewing of visual information, 
such as objects, letters, or figures, through transparent 
30 substrates, or viewing of images from the reflective layer through 
the transparent substrate in mirrors causes outdoor daylight to 
be reflected from the surface of the transparent substrates, 
making it difficult to view internal visual informatioi 

Conventional methods for preventing the electrostatic 
35 deposition of dust and the deterioration in transparency due to 
scratches in plastic substrates include coating of an antistatic 
paint on the surface of the plastic substrates and formation of a 
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hardcoat on the surface of the plastic substrates. The hardcoat 
with a conductive material, such as an antistatic agent, being 
dispersed in an amount large enough to prevent the deposition of 
foreign materials, however, has unsatisfactory transparency and 
5 is further disadvantageous in that curing of the hardcoat is 
inhibited making it impossible to provide hardness high enough 
to meet the scratch resistance requirement. A highly 
transparent conductive thin film can be formed by vapor 
deposition of a metal oxide or the like on plastic substrates. The 

10 step of vapor deposition, however, suffers from poor productivity 
and high cost and, in addition, unsatisfactory scratch resistance. 

On the other hand, provision of a low refractive layer on 
a hardcoat is considered as a method for preventing the reflection 
of light from the surface of the transparent substrate. Although 

15 this can prevent the surface reflection to some extent, relying 
only on the low refractive layer cannot provide the antistatic 
effect. 

DISCLOSURE OF THE INVENTION 

20 Accordingly, it is an object of the present invention to 

provide a low reflective antistatic film which, when used in 
various displays and the like to distinguish visual information, 
such as objects, letters, and figures, through a transparent 
substrate or when used in viewing an image from a mirror 

25 through the transparent substrate from the reflective layer side, 
can prevent electrostatic deposition of foreign materials on the 
surface of the transparent substrate, has hardness enough high 
not to cause a deterioration in transparency derived from a 
scratch created by rubbing, and can prevent reflection of outdoor 

30 daylight from the surface of the transparent substrate. 

The above object of the present invention can effectively be 
attained by a low reflective antistatic hardcoat film comprising: a 
transparent substrate film; and, provided on the transparent 
substrate film in the following order, a transparent conductive 

35 layer, a hardcoat layer, and a low refractive layer, the low 
refractive layer having a lower refractive index than the hardcoat 
layer. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic cross- sectional view showing the 
fundamental construction of the low reflective antistatic hardcoat 
film according to the present invention; 

Fig. 2 is a schematic cross- sectional view showing another 
embodiment of the low reflective antistatic hardcoat film having 
an irregular surface according to the present invention; 

Fig. 3 is a schematic cross- sectional view of a low reflective 
antistatic hardcoat film prepared in Example 2: 

Fig. 4 is a schematic cross- sectional view of a low reflective 
antistatic hardcoat film prepared in Example 3: 

Fig. 5 is a schematic cross- sectional view of a low reflective 
antistatic hardcoat film prepared in Example 4: 

Fig. 6 is a schematic cross- sectional view of a low reflective 
antistatic hardcoat film prepared in Example 5: 

Fig. 7 is a schematic cross- sectional view of a low reflective 
hardcoat film prepared in Comparative Example 1; 

Fig. 8 is a schematic cross- sectional view of an antistatic 
hardcoat film prepared in Comparative Example 2; 

Fig. 9 is a schematic cross- sectional view of an antistatic 
hardcoat film prepared in Comparative Example 3; 

Fig. 10 is a schematic cross-sectional view of a low 
reflective antistatic film prepared in Comparative Example 4; and 

Fig. 1 1 is a schematic cross- sectional view of an antistatic 
hardcoat film prepared in Comparative Example 5. 

BEST MODE FOR CARRYING OUT THE INVENTION 
The present invention will be described in more detail with 
reference to the following embodiments. 

Fig. 1 is a schematic cross- sectional view showing one 
embodiment of the low reflective antistatic hardcoat film 
according to the present invention. The low reflective antistatic 
hardcoat film according to this embodiment comprises a 
transparent conductive layer 2, a hardcoat layer 3, and a low 
refractive layer 4 provided in that order on a transparent 
substrate film 1. ^ 
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According to the present invention, any transparent 
plastic film may be used as the transparent substrate film, and 
examples thereof include unstretched, monoaxially, or biaxially 
stretched films of thermoplastic polymers, such as cellulose or 
5 di- or triacetate, cellulose acetate butyrate, polyester, polyamide, 
polyimide, polyether sulfone, polysulfone, polypropylene, 
polymethylpentene, polyvinyl chloride, polyvinyl acetal, polyether 
ketone, methyl polymethacrylate, polycarbonate, and 
polyurethane. Among them, monoaxially or biaxially stretched 
10 polyester films are preferred from the viewpoint of excellent 
transparency and heat resistance, and cellulose triacetate films 
are preferred because they are not anisotropic in transparency 
and optical properties. The thickness of the transparent 
substrate film is preferably about 8 to 1000 ii m. 
15 The transparent conductive layer may be formed on the 

substrate film by conventional methods, for example, a method 
wherein a conductive coating liquid containing conductive fine 
particles and a reactive curing resin is coated and a method 
wherein a metal or a metal oxide capable of forming a transparent 
II 20 film is vapor deposited or sputtered to form a conductive thin 
% layer. The conductive layer may be formed on the substrate film 

vk either directly or through a primer layer that can enhance the 

bonding. The coating may be carried out by any method without 
particular limitation, and the best suited method may be selected 
25 from conventional methods, for example, roll coating, gravure 
coating, bar coating, and extrusion coating, according to the 
properties and coverage of the coating liquid. 

Conductive fine particles which may be used in the 
formation of the transparent conductive layer according to the 
30 present invention include fine particles of antimony- doped 
indium-tin oxide (hereinafter referred to as "ATO") and indium- 
tin oxide (ITO). Metals and metal oxides which may be used in 
the formation of the conductive thin film by sputtering or the like 
include, for example, gold, nickel, ATO, ITO, and zinc 
35 oxide/ aluminum oxide. Besides the formation of the 
transparent conductive layer using conductive fine particles or 
by forming a conductive thin film, the transparent conductive 



layer may be formed using conductive polymers, such as 
polypyrrole and poly aniline. 

Any reaction curing resin may be used in the formation 
of the conductive layer according to the present invention 
without particular limitation so far as the resin has good 
adhesion to the substrate film and is resistant to light and 
moisture, and has good adhesion to the hardcoat layer formed on 
the transparent conductive layer. An example of the reaction 
curing resin is an ionizing radiation curing resin (including its 
precursor), for example, comprising an alkyd resin, an oligomer 
or a prepolymer of an (meth)acrylate (the term "(meth) acrylate" 
used therein referring to both acrylate and methacrylate) of a 
polyfunctional compound such as a polyhydric alcohol, and a 
relatively large amount of a reactive diluent. 

Reactive diluents usable herein include: 
monofunctional monomers, such as ethyl (meth) acrylate, 
ethylhexyl (meth) acrylate, styrene, vinyltoluene, and N- 
vinylpyrrolidone; and polyfunctional monomers, for example, 
trimethylolpropane tri(meth) acrylate, hexanediol (meth) acrylate, 
tripropylene glycol di (meth) acrylate, diethylene glycol 
di(m eth) acrylate , pentaerythr itol tri(m e th) acrylate , 

dipentaerythritol hexa(meth)acrylate, 1 ,6-hexanediol 

di(meth) acrylate, and neopentyl glycol di(m eth) acrylate. 

When use of the ionizing radiation curing resin as an 
ultraviolet curing resin is contemplated, a photopolymerization 
initiator, such as an acetophenone, a benzophenone, Michler's 
benzoyl benzoate, a-amyloxime ester, or a thioxanthone, or a 
photosensitizer, such as n-butylamine, triethylamine, or tri-n- 
butylphosphine, is incorporated into the resin. 

The ionizing radiation curing resin may be used in 
combination with the following reactive organosilicon compound. 
The reactive organosilicon compound may be used in an amount 
of 10 to 100% by weight based on the total amount of the ionizing 
radiation curing resin and the reactive organosilicon compound. 
In particular, when the following ionizing radiation curing 
organosilicon compound (3) is used, the conductive layer may be 
formed using only this compound as the resin component. 



(1) Silicon alkoxide 
The silicon alkoxide is a compound represented by the 

formula R m Si(OR') n wherein R and R* each represent an alkyl 
group having 1 to 10 carbon atoms and m and n are each an 
5 integer, provided that m + n = 4. 

Examples of silicon alkoxide s usable herein include 
tetramethoxysilane, tetraethoxy silane, tetra-iso-propoxy silane, 
tetra-n-propoxysilane, tetra-n-butoxysilane, tetra-sec- 

butoxysilane, tetra-tert-butoxysilane, tetrapentaethoxysilane, 
10 tetrapenta-iso-propoxysilane, tetrapenta-n-propoxysilane, 
tetrapenta-n-butoxysilane, tetrapenta-sec-butoxy silane, 

tetrapenta-tert-butoxysilane, methyltrimethoxy silane, 

methyltriethoxysilane, methyltripropoxysilane, 
methyltributoxysilane, dimetliyldimethoxysilane, 
1 5 dimethyldiethoxysilane, dimethylethoxy silane, 

dimethylmethoxy silane , dim ethylpr opoxy silane , 

dimethylbutoxysilane, methyldimethoxysilane, 
methyldiethoxysilane, and hexyltrimethoxysilane. 

(2) Silane coupling agent 

V 20 Examples of silane coupling agents usable herein 

include, for example, y -(2- 

aminoet±iyl)aminopropyl1ximethoxysilane, y -(2- 

aminoethyl) aminopropylmethyldimethoxysilane , (3 -(3,4- 
epoxycyclohexyl)e1±Lyltrimethoxysilane, 7 
25 aminopropyltriethoxysilane, y 

methacryloxypropyltrimethoxysilane, N- /? -(N- 

vinylbenzylaminoethyl)- y -aminopropylmethoxysilane- 
hydrochloride, y -glycidoxypropyltrimethoxysilane, aminosilane, 
methyltrimethoxy silane , vinyltriacetoxy silane, y 

30 mercaptopropyltrimethoxy silane, 7 

chloropropyltrimethoxy silane, hexamethyldisilazane, vinyltris(/? 
-methoxyethoxy) silane, octadecyldimethyl[3- 
(trimethoxysilyl)propyl]ammonium chloride, 
methyltrichlorosilane, arid dime thyldichloro silane. 
35 (3) Ionizing radiation curing silicon compound 

les of ionizing radiation curing silicon 
compounds usableKerem include oitj^asiliconcompounds, 
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containing a plurality of groups capable of being reaction 
crosslinfced upon exposure to an ionizing radiation, for example, 
poljanerizabfe^dmible bond groups, having a molecular weight of 
not more than This type of reactive organosilicon 

compounds include poly^ilanes terminated on one end with a 
vinyl functional group, polysite^ies terminated on both ends with 
a vinyl functional group, polysilcb^nes terminated on one end 
with a vinyl functional group, polysilo^nes terminated on both 
ends with a vinyl functional group, ;&qxl vinyl- functional 
polysilanes or vinyl-functional polysiloxanes obfeined by reacting 
these compounds. Specific examples of reactive oiganosilicon 
compounds usable herein include the following compounds. 

CH 2 =CH-(R 1 R 2 Si) n -CH=CH 2 (A) 

CH 2 — CR 1 R 2 Si ^_CH=CH 2 
CH 2 CH 3 CH 3 
(CH 3 ^-SiO— (SiO V£SiO)£-Si- CH 3 (B) 
CH 3 CH 3 CH 3 



CH 3 CH 3 CH 3 

CH 2 = CH(R 1 R 2 Si V CH 2 C H 2 SiO — (-SiO^— Si- CH 3 (C) 

C H 3 C H 3 C H 3 



CH 3 CH 3 ^pH 3 

H — £R 1 R 2 Si ^-CH 2 CH 2 SiO — £Si03g— Si- CH =CH 2 (D) 

CH 3 CH 3 CH 3 



C H 3 C H 3 C H 3 
CH 2 = CH-SiO— eSiO) H -SiO-CH = CH 2 (E) 
CH 3 CH 3 CH 3 
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wherein R 1 and R 2 each independently represent an alkyl group 
having 1 to 4 carbon atoms, and a to d and n are each such a 
number as will bring the molecular weight of the compound to 
not more than 5,000. 

Other compounds usable herein include 
(meth)acryloxysilane compounds, such as 3- 
(methjaciyloxjrpropyltrimethoxysilane and 3- 

(m eth) acryloxypr opylm ethyldimethoxy silane . 

The conductive layer comprising a reaction curing resin 
composition with conductive fine particles added thereto may be 
cured by a conventional method for curing an ionizing radiation 
curing resin, that is, by irradiation with an electron beam or 
ultraviolet light. For example, when curing with an electron 
beam is contemplated, use may be made of electron beams 
having an energy of 50 to 1000 KeV, preferably 100 to 300 KeV, 
emitted from various electron beam accelerators, such as 
Cockcroft-Walton accelerator, van de Graaff accelerator, 
resonance transformer, insulated core transformer, linear, 
dynamitron, and high-frequency electron accelerators. In the 
case of ultraviolet curing, ultraviolet light emitted from light 
sources, such as ultrahigh pressure mercury lamps, high 
pressure mercury lamps, low pressure mercury lamps, carbon 
arc, xenon arc, and metal halide lamps, may be utilized. 

Preferably, the transparent conductive layer thus formed 
has a surface resistivity of not more than 10 12 Q/D. The 
thickness of the conductive layer is generally 0.5 to 6 jjl m, 
preferably 1 to 5 ii m. When the thickness is less than 0.5 \i 
m, it is difficult to bring the surface resistivity of the conductive 
layer provided on the transparent substrate film to not more than 
10 12 Q I □ . On the other hand, when the thickness exceeds 6 \i 
m, the transparency of the conductive layer is sometimes lost. 
> The^ilgrdcoat provided on the transparent conductive 
layer is a lay^^QiatJms hardness high enough to withstand 
scratching and is not significant^ to the electrical 

conductivity. The hardcoat may be geitef^Jli^formed by coating. 
Reaction curing resins, reactive organosiHcon^ctmi^ounds and 
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like usable in the formation of the conductive layer may also 
be i*§ed in the formation of the hardcoat. The amount of the 
reactivfesorganosilicon compound used may be in the above range 
(10 to 100% by weight). When the amount of the reactive 
organosihconN^ompound used is less than 10% by weight, the 
adhesion betweeh<ttie hardcoat layer and the low refractive layer 
provided on the harcteQat layer is unsatisfactory. As with the 
conductive layer, the hariic^at layer may be formed using only 
the ionizing radiation curing ^HiQon compound (3) as the resin 
10 component. The coating method axM^he curing method may be 
the same as those described above m^Qonnection with the 
formation of the conductive layer. The teriiK^hardcoat layer" 
used herein refers to a coat having a hardness of H^r higher as 
measured by a pencil hardness test specified in JIS K 5^00 . 
15 The hardcoat layer according to the present invention may 

be formed of only the above reaction curing resin, such as an 
ionizing radiation curing resin, or the reactive organosilicon 
compound. In this case, even though the hardcoat layer per 
is not conductive, the surface resistivity measured on the 
U 20 hardcoat layer indicates that the antistatic effect can be attained 
by virtue of the effect of the underlying conductive layer. As 
described below, the thickness of the low refractive layer is much 
smaller than that of the hardcoat layer, so that the formation of 
the low refractive layer on the hardcoat layer does not cause 
25 deterioration in antistatic effect, such as surface resistivity. In 
order to attain better antistatic properties, the hardcoat layer is 
preferably such an anisotropic conductive layer that the volume 
resistivity in the direction of the plane of the layer (Pvh) is at least 
ten times larger than the volume resistivity in the direction of the 
30 thickness of the layer (P w ) , that is, Pvh - 10 x P w . In this case, 
the volume resistivity in the direction of the thickness of the layer 
(P w ) is preferably not more than 10 8 Qlcm. When the volume 
resistivity in the direction of the thickness of the layer exceeds 
10 8 Qlcm, the antistatic properties of the finally obtained film is 
35 unfavorably unsatisfactory. Conductive fine particles may be 
used in order to render the hardcoat layer anisotropically 
conductive. Preferred conductive fine particles are polystyrene, 
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acrylic resin, epoxy resin, polyamide resin, polyurethane resin 
and other organic beads that have been surface treated with gold 
and/ or nickel. The average particle diameter of the surface 
treated organic beads is preferably about 5 ti m. 
5 y£V} -According to the present invention, bringing the refractive 
index of the^h*ardc^at layer to higher than that of the low 
refractive layer can ru^rTerUo^e^sthe reflectance of the low 
reflective antistatic hardcoat film oHihTpTesent. invention. 

The refractive index of the conventional hardcoat layer is 
10 about 1.48 to 1.52, while the refractive index of the hardcoat 
layer according to the present invention is preferably about 1.55 
to 2.50. When the hardcoat layer is a high refractive, 
anisotropic conductive layer, the antistatic properties and the 
low reflectance of the surface can be further improved. 
15 In order to render the hardcoat layer highly refractive, 

metals having a high refractive index or ultrafine particles of 
metal oxides may be added to the hardcoat-forming resin 
component. In the present invention, preferred ultrafine 
particles having a high refractive index are those having a 
20 particle diameter of 1 to 50 tun and a refractive index of about 
1.60 to 2.70. Specific examples thereof include impalpable 
powders of ZnO (refractive index 1.90), Ti0 2 (refractive index 2.3 
to 2.7), CeO a (refractive index 1.95), Sb 2 O s (refractive index 1.71), 
SnO a , ITO (refractive index 1.95), Y 2 0 3 (refractive index 1.87), 
25 La 2 0 3 (refractive index 1.95), Zr0 2 (refractive index 2.05), and 
A1 2 0 3 (refractive index 1.63). 

further, resins containing molecules or atoms as a high 
refractive^spmponent may be added to the reaction curing resin 
composition mbthe hardcoat layer. Molecules and atoms usable 
30 as the high refractrve^omponent include halogen atoms other 
than fluorine, sulfur, nitrogen, and phosphorus atoms, and 
aromatic rings. Methods usablelrarforming a hardcoat using 
the reaction curing resin compositioh\Qomprismg the above 
components include one which comprises dissolving or 
35 dispersing the above components in a suitable solvent to form a 
coating liquid, coating the coating liquid direcujc on the 
conductive layer and curing the coating, and one^Nvhich 
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mprises coating the coating liquid onto a release film, curing 
the\coating, and transferring the cured coating onto the 
conductive layer with the aid of a suitable adhesive. When the 
formation^ the hardcoat layer by the transfer is contemplated, it 
5 is possible tbv use a method ^ which comprises forming a low 
refractive layer o^scribed below on a release film, forming a 
hardcoat layer on this.low refractive layer, and transferring both 
the layers onto the cbxuiuctive layer. The thickness of the 
hardcoat layer thus formal is generally about 1 to 50 ii m, 
10 preferably about 3 to 20 Mm. 

Next, the formation of a low refractive layer on the 
hardcoat layer provides the low reflective antistatic hardcoat film 
of the present invention. Methods usable for forming the low 
fj refractive layer include a conventional method wherein an about 

J 15 0.08 to 0.2 n m-thick thin layer of MgF 2 , SiO x , wherein 1 ^ 
iy 2, or the like is formed by vacuum deposition or a vapor phase 

^ process, such as sputtering or plasma chemical vapor deposition 

Ii (CVD), and a method wherein an SI0 2 gel film is formed from a sol 

containing an SI0 2 sol. Further, a film of a low refractive resin, 
y 20 for example, a fluororesin, such as a copolymer of vinylidene 
fluoride with hexafluoropropylene, or a sificon-containing 
vinylidene fluoride copolymer may also be formed as the low 
refractive layer. According to the present invention, a low 
refractive layer formed of SiO x , such as SI0 2 , is preferred from the 
25 viewpoint of better adhesion to the hardcoat. In order that the 
antistatic hardcoat film of the present invention has low 
reflectance, the refractive index of the low refractive layer should 
be lower than that of the hardcoat, preferably not more than 1.47, 
more preferably 1.40 to 1.45. 
30 Fig. 2 shows an embodiment wherein fine irregularities 5 

are provided on the surface of the antireflective antistatic film to 
impart antiglare properties to the antireflective film. The fine 
irregularities may be formed by any conventional method, for 
example, a method using a matte hardcoating material with 
35 inorganic or organic beads dispersed therein, or a method 
wherein a matte film is used to perform transfer. For example, 
when the hardcoat is formed by transfer, a method may be used 
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which comprises providing, as a substrate film for a transfer 
material, a matte film having fine irregularities on its surface, 
coating a coating liquid for a hardcoat on the film, curing the 
coating, and transferring the hardcoat onto the surface of the 
5 conductive layer optionally through an adhesive or the like to 
impart fine irregularities 5 to the surface of the hardcoat. 

Another example of the transfer method comprises coating 
a coating liquid for a hardcoat on the surface of the conductive 
layer, drying the coating, applying a matte film as described 

10 above onto the surface of the resin layer, and, in this state, curing 
the resin layer, followed by separation of the matte film to 
transfer the fine irregularities of the matte film onto the surface of 
the hardcoat. In any event, since the low refractive layer 
provided on the surface of the hardcoat having fine irregularities 

15 is thin, fine irregularities appear on the surface of the low 
refractive layer. 

In the low reflective antistatic hardcoat film according to 
the present invention, layers for imparting various functions may 
be additionally provided in addition to the layers described above. 

20 For example, an adhesive layer or a primer layer may be provided 
in order to improve the adhesion between the transparent 
substrate film and the hardcoat. Further, the hardcoat may be 
constituted by a plurality of layers in order to improve the hard 
properties. The refractive index of the additional layer(s) 

25 provided between the transparent substrate film and the 
hardcoat is preferably between the refractive index of the 
transparent substrate film and the refractive index of the 
hardcoat. 

^ Thqadditional layer may be formed by coating a desired 

30 ^boating liquicTdia^tly or indirectly on the transparent substrate 
film When the ti&*4coat is formed by transfer onto the 
transparent substrate fil^>^a method may be used which 
comprises coating a coating liqufd^for an additional layer (an 
adhesive layer or the like) onto a hardco&t>^jreviously provided on 
35 a release film, laminating the release film B^ing thereon the 
hardcoat and the additional layer onto a transparent substrate 
film so that the coating on the release film faces the traJw^jarent 
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siitistrate film, and then separating the release film, thereby 
transJ^riiig the hardcoat and the additional layer onto the 
transparent sffb^trate film. A pressure- sensitive adhesive may 
be coated onto theib^rside of the low reflective antistatic film 
5 according to the presentntv^ntion, and, in use, this low reflective 
antistatic film may be applied^to^such an object that reflection 
and the deposition of dust caused D5^-<lectrification should be 
prevented, for example, to polarizing element 

The low reflective antistatic film of the present invention 
10 thus obtained is useful for the prevention of the reflection of light 
from and the deposition of dust by electrification on the surface 
of various displays of word processors, computers, televisions, 
and plasma display panels, surfaces of polarizing plates used in 
liquid crystal displays, optical lenses, such as sunglass lenses of 
15 transparent plastics, lenses of eyeglasses, finder lenses for 
cameras, covers for various instruments, and surfaces of window 
glasses of automobiles and electric rail cars. The film of the 
present invention can maintain the transparency on such a level 
that recognition of images viewed through the film is not 
20 hindered. 

The following examples and comparative examples further 
illustrate the present invention in more detail. In the following 
description, "parts" and "%" are by weight unless otherwise 
specified. 

25 Rvnmple 1 

A low reflective antistatic hardcoat film having a 
construction shown in Fig. 1 was prepared by the following 
method. At the outset, one side of a 188 ii m-thick polyester 
film A-4350 (a substrate film 1, manufactured by Toyobo Co., 

30 Ltd.) was coated with Shintron C 4456-S7 (tradename; a 
hardcoating agent with ATO dispersed therein (solid content 
45%), manufactured by Shinto Paint Co., Ltd.). The coating was 
dried and then cured by irradiation with ultraviolet light to form a 
1 //m-thick conductive layer 2. An ionizing radiation curing 

35 resin PET-D3 1 (tradename of a hardcoating agent, manufactured 
by Dainichiseika Color & Chemicals Manufacturing Co., Ltd.) 
was diluted with toluene and then coated on the conducive layer 
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2, and the coating was then dried. The dried coating was cured 
by irradiation with an ionizing radiation to form a 7.5 /zm-thick 
hardcoat 3. An SiO a sol (DTP-1, manufactured by Sumitomo 
Osaka Cement Co., Ltd.) was coated onto the hardcoat, and the 
5 coating was then dried and cured to form a 100 nm-thick low 
refractive layer 4. 
Example 2 

A low reflective antistatic hardcoat film having an 
anisotropic conductive hardcoat shown in Fig. 3 was prepared as 
10 follows. At the outset, a 1 ytzm-thick conductive layer 2 was 
formed on one side of a substrate 1 in the same manner as in 
Example 1. A coating liquid prepared by dispersing Bright 
% 20GNR4,6-EH (tradename; conductive fine particles constituted 

=5 by organic beads having an average particle diameter of 5 julvo. 

j:J 15 which have been surface treated with gold and nickel, 
3 manufactured by The Nippon Chemical Industrial Co., Ltd.) 6 in 

'P PET-D31 used in Example 1 to a concentration of 0.1% and 

diluting the dispersion with toluene was then coated onto the 
□ conductive layer 2. The coating was then dried and cured by 

!«H 20 irradiation with an ionizing radiation to form a 7.5 /im-thick 
,i hardcoat 3- 1 . A low refractive layer 4 was formed on the surface 

P of the hardcoat in the same manner as in Example 1. 

E xa m ple 3 

A low reflective antistatic hardcoat film having a high 
25 refractive, anisotropic conductive hardcoat shown in Fig. 4 was 
prepared as follows. In the same manner as in Example 1, a 
conductive layer 2 was formed on a substrate film 1, and a 
coating liquid comprising 66.6% of a silicone hardcoat resin (X- 
12-2400-3, manufactured by The Shin-Etsu Chemical Co., Ltd), 
30 33.3% of a dispersion of ultrafine Zr0 2 particles (ZD 100, solid 
content %, manufactured by Sumitomo Osaka Cement Co., Ltd.), 
and 0. 1% of conductive fine particles of the type described above 
(Bright 20GNR4, 6-EH) was coated on the conductive layer 2, 
followed by drying and curing of the coating to form a high 
35 refractive hardcoat 3-2. Finally, a low refractive layer 4 was 
formed on the hardcoat in the same manner as in Example 1 . 
E xample 4 
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A low reflective antistatic hardcoat film having a high 
refractive, anisotropic conductive hardcoat shown in Fig. 5 was 
prepared as follows. An 80 /zm-thick cellulose triacetate film 
(TD-UV-80, manufactured by Fuji Photo Film Co., Ltd.) was 
5 provided as a substrate film. A 1/zm-thick conductive layer 2 
was formed on one side of the substrate film in the same manner 
as in Example 1. Next, a dispersion of Zr0 2 ultrafine particles as 
prepared in Example 3 was coated onto a 50 //m-thick release 
PET film (Diafoil T100, manufactured by Diafoil Co., Ltd.). The 
10 coating was then dried and cured to form a 100 nm-thick layer 7 
of ultrafine particles. Subsequently, a coating liquid for the 
same hardcoat as used in Example 2 (except that the ionizing 
radiation curing resin was EXG-40-77, manufactured by 
Dainichiseika Color & Chemicals Manufacturing Co., Ltd.) was 
I;^ 15 coated onto the layer of ultrafine particles to a thickness of 5 JUL 
UJ m on a dry basis, and the coating was then dried. The surface of 

the uncured hardcoat thus formed was put on the conductive 
., layer. The hardcoat was then cured by irradiation with an 

1 j ff ionizing radiation. The release film was then separated to form a 

ry 20 hardcoat layer 3-2 and the layer 7 of ultrafine particles in that 
f order on the conductive layer 2. Finally, a 100 nm-thick SiO x 

:^ layer (a low refractive layer) 4 was formed on the layer 7 of 

ultrafine particles by plasma CVD. 
Example 5 

25 A conductive layer was formed on a substrate in the same 

manner as in Example 1. Next, a "matte conductive coating 
liquid" having the following composition was coated on the 
conductive layer 2. The coating was dried and then cured by 
irradiation with an ionizing radiation to form a 7.5 jum- thick 

30 anisotropic conductive hardcoat 3-2 having a matte surface. 
The procedure of Example 1 was repeated to form a low refractive 
layer 4 having a matte surface on the anisotropic conductive 
hardcoat 3-2. Thus, a low reflective antistatic hardcoat film 
shown in Fig. 6 was formed which comprised the substrate film 1 

35 and, provided on the substrate film 1, three layers of the 
conductive layer 2, the anisotropic conductive hardcoat 3-2 
having a matte surface, and the low refractive layer 4 having a 
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matte surface. 

Com position of matte conductive coating liquid (solid content 
ratio) 

Silica (average particle diameter L5 /zm) 3 parts 

5 Bright 20 GNR4,6-EH (conductive fine particles) 0.1 part 

Seika Beam EXG40- 77 (5-2) 100 parts 

(Seika Beam: tradename; an ionizing radiation curing resin, 
manufactured by Dainichiseika Color & Chemicals 
Manufacturing Co., Ltd.) 
10 Example 6 

A low reflective antistatic hardcoat film was prepared in 
the same manner as in Example 1, except that the low refractive 
layer was a thin layer of SiO x formed by plasma CVD. 
Evaluation results were substantially the same as those in 
15 Example 1. 

A low reflective antistatic hardcoat film was prepared in 
the same manner as in Example 2, except that the low refractive 
layer was formed by coating a silicon- containing fluororesin 
20 (tradename TM004, manufactured by JSR) solution onto the 
surface of the hardcoat. Evaluation results were substantially 
the same as those in Example 2. 
Comparative Example 1 

A low reflective hardcoat film shown in Fig. 7 was prepared 
25 in the same manner as in Example 1, except that the conductive 
layer was not formed. 
Comparative Example 2 

An antistatic hardcoat film shown in Fig. 8 was prepared 
in the same manner as in Example 1, except that the low 
30 refractive layer was not formed. 
Comparative Example 3 

An antistatic hardcoat film shown in Fig. 9 was prepared 
in the same manner as in Example 2, except that the low 
refractive layer was not formed. 
35 Comparat ive Example 4 

A low reflective antistatic film shown in Fig. 10 was 
prepared in the same manner as in Example 1, except that the 
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hardcoat was not formed. 
Comparative Example 5 

An antistatic hardcoat film shown in Fig. 1 1 was prepared 
in the same manner as in Example 5, except that the low 
5 refractive layer was not formed. 

For film samples of the examples and the comparative 
examples, the following items were evaluated. The results are 
shown in Tables 1 and 2. 

Total light transmittance of laminate: The total light 
10 transmittance was measured with "Reflection Transmissometer 
HR-100," manufactured by Murakami Color Research 
Laboratory. 

Pencil hardness: A pencil for evaluation (MITSUBISHI 
UNI 2H) was reciprocated five strokes on the sample using a 

15 "simplified pencil scratch tester," manufactured by Takuma 
Seiko Co., Ltd. under conditions of load 1 kg and 10 mm. The 
sample was then visually inspected for scratches. The number 
of strokes, in which the scratch was not created, was determined 
to evaluate the pencil hardness. 

20 Surface resistivity: The surface resistivity was measured 

with a "Resistivity Meter MCP-HT 260," manufactured by 
Mitsubishi Chemical Corporation each time after the formation of 
each of the layers. In this case, 1st layer represents the 
measured value for the layer coated directly on the substrate film, 

25 2nd layer represents the measured value for the hardcoat film 
with the low refractive layer not provided on the first layer, 2nd 
layer* represents the measured value for the case where only the 
2nd layer was coated directly on the substrate film, and whole 
represents the measured value for the case where the low 

30 reflective antistatic film was formed. 

Minimum reflectance: The minimum reflectance at visual 
light wavelengths 380-780 nm as measured with a spectral 
reflectometer MPC-3100, manufactured by Shimadzu 
Seisakusho Co., Ltd. 

35 Antireflection effect: The antireflection effect was 

evaluated as O when the minimum reflectance was less than 
2%; as A when the minimum reflectance was 2 to 3%; and as X 
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when the minimum reflectance exceeded 3%. 

Antistatic effect: The antistatic effect was evaluated as O 
when the surface resistivity value was on a lower level (not more 
thanl0 12 Q /□) than the surface resistivity value (10 1314 Q / □) 
of the conventional hardcoat, indicating that the film had 
antistatic effect; and as X when the surface resistivity value was 
on a level found in the conventional hardcoat, indicating that the 
film had no antistatic effect. 

Evaluation of hardness: The number of strokes X, in 
which the scratch was not created in reciprocation of a pencil on 
the sample five strokes in the pencil hardness test, was 
determined and expressed as X/5. The hardness was evaluated 
as O when the number of times was 5/5; and as X when the 
number of times was less than 5/5. 
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us, according to the present invention, a low reflective 
antistatic film can be provided which, when used in various 
displays and the like to distinguish visual information, such as 
objects, letters, arfti.figures through a transparent substrate or 
when used in viewin^an image from a mirror through the 
transparent substrate fromsits reflective layer side, can prevent 
electrostatic deposition of foreign materials on the surface of the 
transparent substrate, has hardness enough high not to cause a 
deterioration in transparency due tb^a scratch created upon 
being rubbed, and can prevent reflection o^outdoor daylight from 
the surface of the transparent substrate. The above film of the 
present invention can maintain the transparencjNcm such a level 
that recognition of images viewed through the rrkp is not 
hindered. 



